Intraocular pressure (IOP) is a major risk factor for development or progression of glaucoma. IOP is a dynamic parameter that varies with time and environment \[[@B1][@B2][@B3]\]. Furthermore, it can be affected by intraocular surgery, such as phacoemulsification and vitrectomy \[[@B4]\]. In particular, pars plana vitrectomy is one of the most frequently performed operations for the treatment of vitreous and retinal diseases such as retinal detachment, vitreous hemorrhage, macular hole, and epiretinal membrane. After vitrectomy, most of the vitreous cavity should be filled with aqueous instead of vitreous; considering the different characteristics of aqueous and vitreous, intraocular environments including IOP should not be sustained equally after vitrectomy. Many studies have reported that IOP varies after vitrectomy \[[@B5][@B6][@B7]\]. Some have indicated that IOP elevation following vitrectomy was observed only in the vitrectomized eye \[[@B8][@B9]\]; Lee et al. \[[@B10]\] also suggested that the IOP fluctuation was greater in vitrectomized than in normal eyes. On the other hand, Chang et al. \[[@B11]\] reported that silicone oil-filled eyes showed a peak IOP in the nocturnal period, as observed for the IOP of fellow eyes.

Clinicians have tried to study the dynamic mechanism of IOP by determining the effects of body position on IOP. Some studies have reported that IOP variation and glaucoma severity were dependent on sleep position \[[@B12][@B13]\]. However, no study has investigated the effect of a change in body position on the IOP of vitrectomized eyes. In this study, we investigated posture-induced IOP changes in vitrectomized and normal fellow eyes of patients who underwent vitrectomy in a single eye.

Materials and Methods
=====================

This study was conducted from July to December 2015 and comprised 31 patients who underwent vitrectomy on a single eye at least 6 months before July 2011 to June 2015. This study adhered to the principles outlined in the Declaration of Helsinki for human research, and all participants provided written informed consent. The study protocol was approved by the institutional review board of Kangbuk Samsung Hospital (2015-02-024).

All participants underwent full ophthalmic examinations including slit-lamp examination, Zeiss four-mirror indentation gonioscopy, dilated fundus examination, ultrasound pachymetry (Sonoscan 4000AP; Sonomed, Lake Success, NY, USA) and best-corrected visual acuity. In all cases, patients had undergone vitrectomy on a single eye at least six months prior to the ophthalmic examination. A personal medical interview was used to evaluate ocular diseases, other systemic diseases including hypertension and diabetes, medications, and prior ocular surgeries. Systolic and diastolic blood pressure were measured 10 minutes after arriving at the clinic using an automated noninvasive blood pressure device on the assumption that blood pressure is significantly associated with IOP \[[@B14]\].

Positional IOP data were collected for patients who had one vitrectomized eye and a normal fellow eye. In this study, vitrectomized eye was defined as 1) underwent successful pars plana vitrectomy by a retinal specialist without complications and 2) had no history of antiglaucoma medication use for two months or longer based on previous reports \[[@B15][@B16][@B17]\]. Normal fellow eye was defined as 1) open angle eye that was never operated on, 2) no history of antiglaucoma eyedrops for four months, and 3) no ocular pathology or abnormality except cataract on a full ophthalmic examination.

IOP was measured using an Icare rebound tonometer (Icare, Vantaa, Finland) by a single experienced examiner masked to patient characteristics. To obtain reliable data, the examiner obtained six consecutive IOP measurements; the average result was used only when the standard deviation of the measurements was within the normal range. Participants were asked to sit on a chair with back support in a quiet room under dim light. After 10 minutes, IOP was measured in the sitting position. The patient was then asked to lie on a flat bed with a soft pillow underneath the head to maintain a comfortable supine position. After 10 minutes, IOP was measured. Patients were asked to turn right to assume a right lateral decubitus position with the head parallel to the bed on a soft pillow. To minimize the compression effects of the pillow against the eyeball, patients were instructed to put their head near the edge of the pillow. IOP was measured 10 minutes after the positional change to right lateral decubitus. After 10 minutes in a supine position, patients assumed the left lateral decubitus position, and IOP was measured 10 minutes later.

We excluded all patients with history of ocular surgery (except vitrectomy), and we only included phakic patients in this study. Other exclusions were use of antiglaucoma medication within three months, use of steroid medication within three months, peripheral anterior synechia \>90 degrees on gonioscopy, and inflammation or anterior chamber reaction. We also excluded patients who underwent vitrectomy with oil tamponade, which affects IOP \[[@B18]\], or who underwent vitrectomy for vitreous hemorrhage from diabetic retinopathy because poor glycemic control may affect IOP \[[@B19]\].

Patients were instructed to stay awake during the positional changes and look straight ahead during IOP measurements. The eye on the lower side in the lateral decubitus position was considered the dependent eye.

We compared positional IOP and ocular parameters of vitrectomized eyes to those of normal fellow eyes. We performed paired *t*-tests using IBM SPSS Statistics ver. 24.0 (IBM Corp., Armonk, NY, USA) to analyze differences between vitrectomized and normal fellow eyes. A *p*-value \<0.05 was considered statistically significant.

Results
=======

A total of 31 individuals (15 men and 16 women) with one vitrectomized eye and one normal fellow eye were included in the study. The mean patient age was 60.3 ± 14.9 years (range, 21 to 81 years). The mean systolic blood pressure was 124.7 ± 14.4 mmHg (range, 100 to 150 mmHg), and mean diastolic blood pressure was 72.9 ± 9.2 mmHg (range, 55 to 90 mmHg). In addition, 12 patients (38.7%) had hypertension and 7 (22.6%) had diabetes mellitus. Preoperative indications for vitrectomy included epiretinal membrane (15 eyes, 48.4%), retinal detachment (11 eyes, 35.5%), and macular hole (5 eyes, 16.1%). Of the patients, 8 (25.8%) underwent vitrectomy without tamponade, 10 (32.3%) had vitrectomy with C3F8, and 13 (41.9%) with SF6. The mean interval between surgery and IOP measurement was 23.23 ± 14.89 months (range, 7 to 52 months) ([Table 1](#T1){ref-type="table"}).

Of the patients, 18 (62.1%) underwent vitrectomy in the right eye. Comparisons of IOP between eyes in different positions are presented in [Table 2](#T2){ref-type="table"}. No significant differences were observed for IOP in sitting and supine positions. However, IOP of right dependent eyes (19.31 ± 4.20 mmHg) was significantly higher than that of left nondependent eyes (16.71 ± 4.02 mmHg) in the right lateral decubitus position (*p* \< 0.001), and IOP of left dependent eyes (19.15 ± 3.83 mmHg) was significantly higher than that of right nondependent eyes (17.32 ± 4.63 mmHg) in the left lateral decubitus position (*p* = 0.004). For right vitrectomized eyes, IOP in the right lateral decubitus position (dependent, 19.31 ± 4.20 mmHg) was significantly higher than in the left lateral decubitus position (nondependent, 17.32 ± 4.63 mmHg) (*p* \< 0.001). In left normal fellow eyes, IOP in the left lateral decubitus position (dependent, 19.15 ± 3.83 mmHg) was significantly higher than in the right lateral decubitus position (nondependent, 16.71 ± 4.02 mmHg) (*p* \< 0.001).

The other 13 patients underwent vitrectomy in the left eye. Comparisons of IOP between eyes in different positions are listed in [Table 2](#T2){ref-type="table"}. No significant differences were observed in IOP in sitting and supine positions. In the right lateral decubitus position, IOP of right dependent eyes (18.35 ± 1.75 mmHg) was significantly higher than that of left nondependent eyes (16.04 ± 3.02 mmHg) (*p* = 0.003). In the left lateral decubitus position, IOP of left dependent eyes (18.12 ± 2.29 mmHg) was significantly higher than that of right nondependent eyes (16.19 ± 1.81 mmHg) (*p* \< 0.001). In patients with left vitrectomized eyes, IOP in the left lateral decubitus position (dependent, 18.12 ± 2.29 mmHg) was significantly higher than in the right lateral decubitus position (nondependent, 16.04 ± 3.02 mmHg) (*p* \< 0.001). For IOP of right normal fellow eyes in the lateral decubitus position, IOP in the right lateral decubitus position (dependent, 18.35 ± 1.75 mmHg) was significantly higher than that in the left lateral decubitus position (nondependent, 16.19 ± 1.81 mmHg) (*p* \< 0.001).

Comparisons of IOP for different positions in 18 patients with right vitrectomized eyes and 13 patients with left vitrectomized eyes are shown in [Tables 3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}. IOP values of both eyes for different positions in patients with right and left vitrectomized eyes were not significantly different. IOP of right vitrectomized eyes in the right lateral decubitus position (19.31 ± 4.20 mmHg) was not significantly different from that of left vitrectomized eyes in the left lateral decubitus position (18.12 ± 2.29 mmHg) (*p* = 0.366). IOP of left normal fellow eyes in the left lateral decubitus position (19.15 ± 3.83 mmHg) was not significantly different from that of right normal fellow eyes in the right lateral decubitus position (18.35 ± 1.75 mmHg) (*p* = 0.440).

Comparisons of IOP measurements in sitting, supine, and lateral decubitus positions are presented in [Table 5](#T5){ref-type="table"}. IOP was higher for vitrectomized eyes than normal fellow eyes in all positions, but the differences were not significant.

Correlation analysis between the position-induced differences in IOP and the biometric parameters axial length and central corneal thickness is presented in [Table 6](#T6){ref-type="table"}. No relationship was identified between the position-induced differences in IOP and axial length (r = 0.139, *p* = 0.483) or IOP and central corneal thickness (r = 0.020, *p* = 0.921).

Discussion
==========

IOP is one of the most important factors associated with progression of glaucoma. Therefore, precise evaluation of IOP changes is crucial for postoperative monitoring and management. The effect of vitrectomy surgery on IOP is not yet clear. Fujikawa et al. \[[@B9]\] reported that mean IOP increased after vitrectomy in patients with macular hole. Similarly, Chen \[[@B5]\] reported that, although IOP elevation after stage 3 macular hole surgery was mostly transient and well-controlled by medication, extended medication was needed in some cases. Wu et al. \[[@B20]\] reviewed the IOP of 198 patients who underwent vitrectomy and found that the incidence of high IOP (≥24 mmHg) or increased IOP (≥5 mmHg) was significantly higher in vitrectomized eyes than in control eyes. Moreover, Ki-I et al. \[[@B21]\] reported small IOP changes after phacovitrectomy, with some eyes showing increased IOP over time. In contrast, Yu et al. \[[@B22]\] demonstrated that vitrectomy did not increase the risk of ocular hypertension in 441 vitrectomized patients. That study found that ocular hypertension occurred in 4.31% of vitrectomized eyes and 2.49% of control eyes. Despite a larger proportion of ocular hypertension occurring in vitrectomized eyes, no significant difference was found between the two groups. Mi and Thompson \[[@B23]\] also reported that vitrectomy was not correlated with increased risk of IOP elevation compared with fellow control eyes. Kim et al. \[[@B24]\] demonstrated that vitrectomy by itself or combined vitrectomy with sub-Tenon injection of triamcinolone acetonide did not increase IOP in the long term. Lalezary et al. \[[@B25]\] reported that vitrectomy did not increase IOP even after removal of the crystalline lens.

IOP could be affected after vitrectomy by several possible mechanisms. After vitrectomy, the vitreous cavity is filled with fluid rather than vitreous. This change could affect the structural or physiological stability of the eye, potentially causing acute or chronic changes in IOP; however, this mechanism is not fully understood. Previous studies have indicated that surgical complications including hemorrhage, inflammation, and gas tamponade can cause an increase in IOP \[[@B6][@B26][@B27][@B28]\]. However, this IOP elevation can be controlled with antiglaucoma eyedrops \[[@B5][@B6]\]. In other cases, late-onset glaucoma may develop \[[@B27][@B29]\]. Chang \[[@B30]\] reported that increased oxidative stress on the trabecular meshwork after vitrectomy resulted in decreased outflow facility that might increase IOP. Fujikawa et al. \[[@B9]\] suggested that inflammatory stress or the physical effects of vitrectomy could cause increased IOP. In contrast to previous studies, we excluded silicone oil tamponade patients. We also excluded patients with vitrectomy associated with vitreous hemorrhage and those with less than six months follow-up since vitrectomy. These relatively strict inclusion criteria could have led to underestimation of IOP rise after vitrectomy. Also, exclusion of severe cases ruled out more complex vitrectomy requiring longer operation times with higher risk of complication, which might have increased the risk of postoperative IOP increase. The mean interval time between surgery and IOP measurement was 23.23 ± 14.89 months (range, 7 to 52 months) in our study, which was relatively short; Magnusson et al. \[[@B31]\] reported that the incidence of late-onset open-angle glaucoma increased with longer follow-up. Lalezary et al. \[[@B25]\] reported that vitrectomy might alter scleral rigidity and affect episcleral venous pressure, which is directly related to IOP. Increased oxygen tension after vitrectomy may cause arterial constriction, which may reduce blood flow to the ciliary body and limit aqueous humor production. The conventional anterior pathways of aqueous flow may be altered without the vitreous body, resulting in a more posterior flow into an empty cavity, readjusting the fluid-IOP dynamic. McNulty et al. \[[@B32]\] concluded that vitrectomy did not seem to increase IOP, and a substantial proportion of eyes in their study had decreased IOP. Furthermore, in a phakic-vitrectomized eye, elevated oxygen level was modulated by antioxidant mechanisms in the lens, which reduces oxidative stress on the trabecular meshwork.

Previous studies have reported that positional changes could affect IOP. Malihi and Sit \[[@B33]\] found that IOP was lowest when the patient was sitting; IOP was elevated in all other head and body positions. The lateral decubitus position might result in a small increase in IOP in the lower eye. Seo et al. \[[@B34]\] demonstrated that low head position increased the IOP of the dependent eye compared with a neutral head position in the lateral decubitus posture. Similarly, Lee et al. \[[@B35]\] reported that a lateral decubitus posture induced increased IOP in dependent eyes in young healthy individuals. To date, there have been no studies on the effects of body position on IOP in vitrectomized eyes. In our study, we did not find significant differences in IOP based on positional changes between vitrectomized and normal fellow eyes. And IOP was higher in dependent compared to nondependent eyes in the lateral decubitus position, regardless of vitrectomy.

The mechanism for IOP changes with body position is not completely understood. According to previous reports, IOP increased following changes from sitting to supine or lateral decubitus position due to hydrostatic effects and increased episcleral venous pressure or alterations in uveoscleral outflow rate \[[@B36][@B37][@B38]\]. Choroidal vascular engorgement associated with body fluid redistribution in the supine position is another possible mechanism \[[@B39]\]. Other studies have suggested that gravity and compression of neck vessels might contribute to IOP increase in supine and lateral decubitus positions. This is supported by the finding that both episcleral venous pressure and IOP increased as the angle of the head-down body position increased \[[@B40]\]. Moreover, Friberg and Weinreb \[[@B41]\] found a 1-mmHg increase in IOP for every 0.83 ± 0.21-mmHg increase in episcleral venous pressure in a gravity-inverted human study, associated with the cephalad fluid shift that occurs during complete gravity inversion. However, the effects of postural change on ocular perfusion pressure or the translaminar pressure gradient are still unknown.

De Koninck et al. \[[@B42]\] reported that a preference for side sleeping appears more frequently in elderly adults, and this sleep pattern was more common with age. Given that IOP of dependent eyes was higher in the lateral decubitus posture than in the supine position and IOP of dependent eyes was higher than that of nondependent eyes regardless of vitrectomy, patients with progressive glaucoma in one eye might benefit from sleeping in the supine position or on the contralateral side for IOP control.

Our study has some limitations. First, cross-sectional studies have inherent limitations because they cannot define temporal relationships. We also had a small sample and did not control for preoperative diagnosis. The non-randomized sequence of postural changes may be another limitation. Additionally, adjustment according to the severity of glaucoma could not be performed. Finally, not all systemic parameters that may affect IOP were measured.

In conclusion, in patients who underwent vitrectomy surgery of one eye, IOP of the dependent eye was significantly higher than that of the nondependent eye in both the right lateral decubitus and left lateral decubitus positions, regardless of vitrectomy. No significant difference was observed between vitrectomized and normal fellow eyes, regardless of position. Further studies are needed to investigate the mechanisms and effects of IOP changes according to body position in patients with glaucoma.
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###### Patient demographics
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Values are presented as number (%) or mean ± standard deviation.

###### Comparison of positional IOP for vitrectomized and normal fellow eyes of patients with vitrectomy of a single eye
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Values are presented as mean ± standard deviation.

IOP = intraocular pressure; RD = right lateral decubitus; LD = left lateral decubitus.

^\*^Analyzed with paired *t*-test.

###### Comparison of positional intraocular pressure in right and left vitrectomy
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Values are presented as mean ± standard deviation.

RD = right lateral decubitus; LD = left lateral decubitus.

^\*^Analyzed with paired *t*-test.

###### Comparison of positional IOP of dependent and nondependent eyes
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Values are mean ± standard deviation.

IOP = intraocular pressure; RD = right lateral decubitus; LD = left lateral decubitus.

^\*^Analyzed with paired *t*-test.

###### Positional intraocular pressure in fellow and vitrectomized eyes
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Values are mean ± standard deviation.

^\*^Analyzed with paired *t*-test.

###### Correlations between IOP and variables
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IOP = intraocular pressure; CCT = central corneal thickness; AL = axial length.

^\*^Correlation is significant at the 0.01 level (two tailed).
